Introduction {#S0001}
============

Since 2013, the second term of Health Japan 21 has aimed to prevent the onset and progression of lifestyle-related diseases. Chronic obstructive pulmonary disease (COPD), cancer, circulatory diseases, and diabetes mellitus were selected as target diseases.[@CIT0001] One goal was to improve COPD awareness to 80% by 2022, but awareness was still low (28.1%) in the 2018 survey.[@CIT0002] COPD is often understood as a generic term for emphysema and chronic bronchitis, but COPD is a physiologically defined disease and airflow limitation determined by spirometry is mandatory for its diagnosis. On the other hand, emphysema is a pathomorphologically defined disease with destruction of the alveolar walls, whereas chronic bronchitis is a symptomatologically defined disease with persistent cough and phlegm.[@CIT0003]--[@CIT0006] Such complexities may make the individual conditions of COPD difficult to understand.

Non-obstructive chronic bronchitis with persistent cough and phlegm can cause exacerbation and impair activities of daily living, and therefore has recently attracted attention.[@CIT0007]--[@CIT0012] Non-obstructive chronic bronchitis could be left undiagnosed owing to lack of airflow limitation, and approaches are needed for better management. Several previous studies have shown the prevalence of chronic cough and phlegm,[@CIT0007]--[@CIT0012] which are typical symptoms of chronic bronchitis, however the prevalence of airflow limitation among subjects with chronic cough and phlegm has scarcely been examined. In the present study, we aimed to estimate the prevalence of chronic cough and phlegm among the general population, and to describe their characteristics including the presence or absence of airflow limitation. This approach could provide additional information about the characteristics of chronic cough and phlegm and of non-obstructive chronic bronchitis.

Subjects and Methods {#S0002}
====================

Study Design and Participants {#S0002-S2001}
-----------------------------

This was a follow-up study to SCOPE-J (Survey of Chronic Obstructive pulmonary disease Patients Epidemiology in Japan),[@CIT0013] a prospective, multicenter, cross-sectional, observational study. Fourteen sites participated from the following regions in Japan: five in Kanto, one in Chubu, two in Kinki, three in Chugoku/Shikoku, and three in Kyushu. The following items were investigated in Ningen Dock (comprehensive health examination in Japanese) examinees aged 40 years or older: age, sex, height, body weight, smoking habit/index, lung function, high-sensitivity C-reactive protein (CRP) level, fasting blood glucose level, hemoglobin A1c value, cough/phlegm symptoms, diagnosis history/current treatment status for respiratory diseases (chronic bronchitis, emphysema, COPD, bronchial asthma, diffuse panbronchiolitis, bronchiectasis, pneumonia, pulmonary tuberculosis, pulmonary fibrosis, lung abscess, and pneumoconiosis) and comorbidities (myocardial infarction, angina pectoris, cerebrovascular disease, osteoporosis, fracture, depression, anxiety disorder, sleep disorder, diabetes mellitus, and lung cancer), and chronic obstructive pulmonary disease assessment test (CAT) findings.[@CIT0014]

The protocol was approved by the Ethics Committee of the Faculty of Life Sciences, Kumamoto University (Number 575) and the study was conducted in accordance with the Declaration of Helsinki and the Ethical Guidelines for Epidemiological Research (partially revised on December 1, 2008 by the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of Health, Labor and Welfare). Examinees who gave written informed consent were included in the study.

Procedures {#S0002-S2002}
----------

Chronic cough and phlegm were defined as having both symptoms for at least 3 months of the year and for at least 2 consecutive years,[@CIT0015] or receiving any treatment for chronic bronchitis at the time of recruitment. Quality control and spirometer calibration were performed in accordance with previously published recommendations.[@CIT0016] All study sites were members of the Japan Society of Ningen Dock and performed standardized and high-quality spirometry. The airway reversibility test by bronchodilator inhalation was not performed, since the purpose of the health examination was screening and not establishing a definitive diagnosis. Airflow limitation was defined as \[forced expiratory volume in 1 s\]/\[forced vital capacity\] (FEV1/FVC) less than 0.7. The predictive values of lung function were calculated using the predictive equation reported by the Japanese Respiratory Society (male: FEV1 \[L\] = 0.036 × height \[cm\] −0.028 × age −1.178, female: FEV1 \[L\] = 0.022 × height \[cm\] −0.022 × age −0.005; male: FVC \[L\] = 0.042 × height \[cm\] −0.024 × age- 1.185, female: FVC \[L\] = 0.031 × height \[cm\] −0.019 × age −1.105).[@CIT0017]

Statistical Analysis {#S0002-S2003}
--------------------

Demographics, clinical characteristics, and presence of comorbidities of the subjects were tabulated by presence or absence of both chronic cough and phlegm. For comorbidities, the number and proportion of subjects who were on a given treatment at the time of the health examination were summarized (lung cancer was regarded as present if a subject had history of lung cancer, regardless of current treatment). The prevalence of chronic cough and phlegm was calculated by sex, age group, and smoking history. The subjects were divided into four groups according to the presence or absence of chronic cough and phlegm and airflow limitation (Group 1: without either chronic cough and phlegm or airflow limitation, Group 2: with chronic cough and phlegm only \[without airflow limitation\], Group 3: with airflow limitation only \[without chronic cough or phlegm\], and Group 4: with both chronic cough and phlegm and airflow limitation) and demographics, lung function, and CAT scores were shown. To investigate characteristics of subjects with chronic cough and phlegm in comparison with subjects with airflow limitation, Groups 2 (with chronic cough and phlegm only) and 3 (with airflow limitation only) were compared as post hoc analysis. For categorical data, the number of subjects in each category was tabulated and a chi-squared test was performed. For continuous data, means and standard deviations (SD) were calculated, and the Wilcoxon rank-sum test was performed after checking normality. For CAT scores, means for responses to each question were also calculated. Respiratory disease treatment status and existence of airflow limitation in subjects with chronic bronchitis were shown. Statistical analyses were performed using R version 2.15.2 software (R Foundation for Statistical Computing, Vienna, Austria).

Results {#S0003}
=======

A total of 22,293 examinees was enrolled between December 2012 and August 2013, and the number of subjects with both chronic cough and phlegm was 380 (1.7%). [Table 1](#T0001){ref-type="table"} shows the characteristics of subjects with or without chronic cough and phlegm, and the total study population. The proportion of current smokers was higher in subjects with chronic cough and phlegm (41.8%) compared to those without (18.8%).Table 1Characteristics of the SubjectsVariablesTotal (N=22,293)Chronic Cough and Phlegm (+) (n=380)Chronic Cough and Phlegm (−) (n=21,913)Age (years)54.7 ± 9.656.7 ± 9.754.6 ± 9.6SexMale14,013 (62.9)293 (77.1)13,720 (62.6)Female8280 (37.1)87 (22.9)8193 (37.4)BMI (kg/m^2^)23.0 ± 3.323.6 ± 3.323.0 ± 3.3Smoking historyNever11,212 (50.5)123 (32.7)11,089 (50.8)Past6696 (30.2)96 (25.5)6600 (30.3)Current4285 (19.3)157 (41.8)4128 (18.8)Missing data100496Smoking index (pack-years)11.2 ± 17.619.7 ± 20.811.1 ± 17.5FEV1 (L)2.82 ± 0.682.72 ± 0.692.82 ± 0.68%FEV1 (%)96.0 ± 14.490.0 ± 16.196.1 ± 14.3FEV1/FVC (%)81.0 ± 6.378.2 ± 8.581.0 ± 6.3FVC (L)3.48 ± 0.823.48 ± 0.803.48 ± 0.82%FVC (%)99.2 ± 13.695.8 ± 13.499.2 ± 13.6WBC (/μL)5385 ± 17625856 ± 16805377 ± 1762CRP (mg/dL)0.11 ± 0.310.14 ± 0.290.11 ± 0.32CAT score6.5 ± 4.913.0 ± 6.86.3 ± 4.8ComorbidityMyocardial infarction80 (0.4)2 (0.5)78 (0.4)Angina pectoris188 (0.8)6 (1.6)182 (0.8)Cerebrovascular disease141 (0.6)3 (0.8)138 (0.6)Osteoporosis234 (1.0)10 (2.6)224 (1.0)Fracture48 (0.2)1 (0.3)47 (0.2)Depression233 (1.0)3 (0.8)230 (1.0)Anxiety disorder180 (0.8)5 (1.3)175 (0.8)Sleep disorder428 (1.9)13 (3.4)415 (1.9)Diabetes mellitus1131 (5.1)14 (3.7)1117 (5.1)Lung cancer59 (0.3)1 (0.3)58 (0.3)[^1][^2]

[Table 2](#T0002){ref-type="table"} shows the prevalence of chronic cough and phlegm by smoking history, sex, and age group. Since 100 subjects lacked smoking history data, 22,193 subjects with smoking history were included in the table. The prevalence of chronic cough and phlegm among subjects aged over 60 years (2.2%) was higher than in those aged 40--49 years (1.3%) and 50--59 years (1.7%). Males had higher prevalence (2.1%) than females (1.1%). The prevalence by smoking history showed that it was more prevalent among current smokers (3.7%) than past smokers (1.4%) or never-smokers (1.1%).Table 2Prevalence of Chronic Cough and Phlegm by Smoking History, Sex, and Age Group (for Subjects with Smoking Data Only)SexSmoking History40--49 Years\
(n=7723)50--59 Years\
(n=7676)60+ Years\
(n=6794)Total\
(N=22,193)MaleNever1.1% (17/1578)0.7% (9/1277)2,2% (33/1499)1.4% (59/4354)Past0.9% (13/1524)1.6% (33/2062)1.8% (41/2272)1.5% (87/5858)Current3.1% (48/1535)4.2% (61/1456)4.6% (34/739)3.8% (143/3730)Total1.7% (78/4637)2.1% (103/4795)2.4% (108/4510)2.1% (289/13,942)FemaleNever0.4% (10/2389)0.9% (22/2368)1.5% (32/2101)0.9% (64/6858)Past1.0% (4/395)0.3% (1/322)3.3% (4/121)1.1% (9/838)Current1.7% (5/302)2.1% (4/191)8.1% (5/62)2.5% (14/555)Total0.6% (19/3086)0.9% (27/2881)1.8% (41/2284)1.1% (87/8251)TotalNever0.7% (27/3967)0.9% (31/3645)1.8% (65/3600)1.1% (123/11,212)Past0.9% (17/1919)1.4% (34/2384)1.9% (45/2393)1.4% (96/6696)Current2.9% (53/1837)3.9% (65/1647)4.9% (39/801)3.7% (157/4285)Total1.3% (97/7723)1.7% (130/7676)2.2% (149/6794)1.7% (376/22,193)[^3]

[Table 3](#T0003){ref-type="table"} shows the presence or absence of treatment for any respiratory disease and airflow limitation in 380 subjects with chronic cough and phlegm. Among the subjects, 21.8% were receiving treatment for any respiratory disease and 11.6% showed airflow limitation.Table 3Presence or Absence of Treatment for Any Respiratory Diseases and Airflow Limitation in Subjects with Chronic Cough and PhlegmAirflow LimitationTotalNoYesTreatmentYes562783 (21.8)No28017297 (78.2)Total336 (88.4)44 (11.6)380 (100)[^4]

[Table 4](#T0004){ref-type="table"} shows the characteristics of four sub-groups among subjects defined by existence of chronic cough and phlegm, and airflow limitation. When Group 2 (with chronic cough and phlegm only) was compared with Group 3 (with airflow limitation only), Group 2 was younger, had more females, higher body mass index (BMI), more current smokers (39.6% vs 25.5%), lower smoking index, higher FEV1, higher %FEV1, higher FEV1/FVC, and higher total CAT score compared with Group 3.Table 4Characteristics of Subjects in Four Groups According to the Presence or Absence of Chronic Cough and Phlegm, and Airflow LimitationVariablesGroup 1\
CP (−) AL (−)\
(n=20,995)Group 2\
CP (+) AL (−)\
(n=336)Group 3\
CP (−) AL (+)\
(n=918)Group 4\
CP (+) AL (+)\
(n=44)P value\
Group 2 vs 3Age (years)54.3 ± 9.556.2 ± 9.762.4 ± 10.660.5 ± 8.5\<0.001SexMale12,970 (61.8)254 (75.6)750 (81.7)39 (88.6)0.021Female8025 (38.2)82 (24.4)168 (18.3)5 (11.4)BMI (kg/m^2^)23.0 ± 3.323.6 ± 3.322.7 ± 2.924.0 ± 2.7\<0.001Smoking historyNever10,804 (51.5)117 (34.8)285 (31.0)6 (13.6)\<0.001Past6205 (29.6)82 (24.4)395 (43.0)14 (31.8)Current3894 (18.5)133 (39.6)234 (25.5)24 (54.5)Smoking index (pack-years)10.6 ± 17.017.8 ± 19.522.5 ± 23.134.6 ± 25.10.006FEV1 (L)2.84 ± 0.672.81 ± 0.652.25 ± 0.622.07 ± 0.71\<0.001%FEV1 (%)96.9 ± 13.793.0 ± 13.177.6 ± 15.967.5 ± 18.8\<0.001FEV1/FVC (%)81.8 ± 5.280.5 ± 5.364.4 ± 5.460.8 ± 7.8\<0.001FVC (L)3.48 ± 0.823.49 ± 0.783.48 ± 0.883.36 ± 0.940.838%FVC (%)99.3 ± 13.496.4 ± 12.498.6 ± 17.591.1 ± 18.60.015CRP (mg/dL)0.11 ± 0.310.13 ± 0.290.15 ± 0.410.20 ± 0.320.758CAT score (point)6.3 ± 4.812.9 ± 6.97.1 ± 5.414.2 ± 6.7\<0.001[^5][^6]

[Figure 1](#F0001){ref-type="fig"} shows the mean CAT scores in each item by group for four groups. Group 2 showed higher scores on responses to Questions 1 (cough), 2 (phlegm), 3 (chest tightness) and 4 (breathlessness) than Group 3.Figure 1Mean score of each question of CAT in each group. Group 1: CP (−) and AL (−), Group 2: CP (+) and AL (−), Group 3: CP (−) and AL (+), Group 4: CP (+) and AL (+).**Abbreviations:** AL, airflow limitation; CP, chronic cough and phlegm, or receiving treatment for chronic bronchitis.

Discussion {#S0004}
==========

Our study evaluated the presence or absence of airflow limitation and treatment among subjects with chronic cough and phlegm ([Table 3](#T0003){ref-type="table"}). Subjects without airflow limitation comprised 88.4% and those without treatment made up 78.2%. Among those without treatment, the proportion of subjects without airflow limitation was as high as 94.3% (280/297). One of the reasons for the low treatment rate could be the absence of recommendation for further examination if a subject is identified to have chronic cough and phlegm in comprehensive health examination. On the other hand, if a subject has airflow limitation or decreased vital capacity in comprehensive health examination, follow-up consultation is requested.[@CIT0018] Thus recommendation of follow-up examination with explanation of benefits of early consultation[@CIT0019] could be an effective approach for better management of chronic cough and phlegm regardless of whether airflow limitation exists or not.

Patients with asthma or bronchiectasis are known to present chronic cough and phlegm as common symptoms.[@CIT0020] Adachi et al examined symptoms among asthma patients being managed by specialists in Japan, and found that 44.5% of the patients presented cough in the daytime and 56.9% had phlegm.[@CIT0021] In our study, subjects with asthma or bronchiectasis as well as those with chronic bronchitis may have contributed to the number of subjects with both chronic cough and phlegm. In fact, 12.6% (48/380) and 3.4% (13/380) of subjects with chronic cough and phlegm in our study were being treated for asthma and bronchiectasis, respectively, at the time of the recruitment, while corresponding proportions among the subjects without chronic cough and phlegm were only 1.2% (266/21,293) and 0.1% (11/21,293).

The proportion of examinees with airflow limitation among subjects with chronic cough and phlegm was 11.6% in our study. A previous report from Japan showed that 47.2% of the patients with chronic bronchitis had airflow limitation,[@CIT0022] although the target population was outpatients who needed treatment and thus was different from our target population. In our study and the previous report,[@CIT0022] male proportion was 77.1% and 76.1%, age was 56.7 ± 9.7 (mean ± SD) and 65.7 ± 12.6, and smoking amount was 19.7 and \>30 pack-years, respectively. Younger age distribution and smaller smoking amount in our study may have resulted in smaller proportion of airflow limitation among chronic cough and phlegm, since both older age and larger smoking amount were associated with higher proportion of airflow limitation.[@CIT0022]

Our study also showed that the age of the subjects with chronic cough and phlegm only was younger than that of the airflow limitation only group, and the proportion of females was also higher. In a previous study comparing COPD phenotypes, patients with chronic bronchitis only had a younger age (mean ± SD) of 51.4 ± 14.8 years, than COPD only (63.2 ± 10.9) and emphysema only (63.3 ± 13.3),[@CIT0023] suggesting that cough and sputum develop from a younger age than airflow limitation. It was also reported in that previous report that the proportion of females was as high as 63.2% in chronic bronchitis only (42.4% in COPD only and 37.8% in emphysema only). In comparisons between males and females with COPD after matching by FEV1, Saint George's Respiratory Questionnaire scores were worse in females than in males despite a lower smoking index and a milder level of gas-exchange impairment in females,[@CIT0024] suggesting that females with COPD are more symptomatic. The proportion of females among patients with COPD was higher in the airway-lesion-predominant type than in the emphysema-lesion-predominant type,[@CIT0025] which suggests that females tend to have chronic-bronchitis-type rather than pulmonary-emphysema-type COPD.

In our study, the proportion of never-smokers in subjects with chronic cough and phlegm was 32.7%. In the previous report,[@CIT0022] the proportion of never-smokers was 21.3% in patients with chronic bronchitis. Passive smoking, air pollution, infection, allergy, and aging were considered as potential explanations for chronic cough and phlegm or chronic bronchitis among never-smokers.[@CIT0026]

In our study, the mean total CAT score of subjects with chronic cough and phlegm was more than 10 regardless of having airflow limitation. The presence of chronic bronchitis in patients with COPD has been reported to be associated with a poor prognosis, such as frequent exacerbation or rapid decline in lung function.[@CIT0027]--[@CIT0030] In addition, chronic bronchitis without COPD has also been reported to be associated with higher risk of poor prognosis. Patients with non-obstructive chronic bronchitis as well as those with COPD had lower activities of daily living and exercise levels than the general population.[@CIT0007] Cognitive deterioration was observed not only in patients with COPD, but also in patients with chronic bronchitis without airflow limitation.[@CIT0031] It was reported that a group with chronic cough and phlegm had a higher risk of developing COPD than a group without symptoms in a follow-up of subjects aged 20 to 44 years without an asthma diagnosis and without airflow limitation.[@CIT0032] Taken together, chronic bronchitis or chronic respiratory symptoms can be associated with poor prognosis even without COPD or airflow limitation.

In our study, Group 2 had higher CAT scores than Group 3, which suggests that assessment of symptoms is important in addition to airflow limitation. Martinez et al investigated the usefulness of the first four questions of CAT (cough, phlegm, chest tightness, and breathless) to assess risk in ever-smokers with normal lung function and reported that responses to the first four questions out of the total eight questions were able to identify high-risk patients.[@CIT0033] CAT scores for patients with chronic-bronchitis-type and chronic-bronchitis-free-type COPD were investigated, and they were higher for responses to all of the eight questions in chronic-bronchitis-type, although there were no differences in lung function.[@CIT0034]

Since the proportion of current smokers was high (41.8%) among subjects with chronic cough and phlegm, smoking cessation is necessary in addition to medical treatment. The proportion of subjects who attempted to quit smoking in the past year was 23.0% in Japan,[@CIT0035] which was lower than that in the United Kingdom[@CIT0036] and the United States.[@CIT0037] The most common reasons for wanting to quit smoking in current smokers was the cost of smoking, and the lower cost of smoking in Japan[@CIT0038] may be one of the reasons for the high percentage of current smokers in our study. Another possible reason is a limited use of medication for smoking cessation[@CIT0039] resulting in smoking cessation failure.

A strength of our study is that we prospectively included more than 22,000 examinees at multiple sites in multiple regions in Japan. By this prospective study design, we could evaluate the presence of chronic cough and phlegm using a questionnaire. All participating sites were members of the Japan Society of Ningen Dock, and the quality of spirometry was high and standardized. Some important limitations of our study were as follows. Since the age and sex distribution of comprehensive health examinees and the general population are not the same, care is needed in extrapolating the results. Because we measured only pre-bronchodilator airflow limitation, care is needed when comparing our results with those of other studies with post-bronchodilator airflow limitation. Chronic cough and phlegm are typical symptoms of chronic bronchitis, but subjects with chronic cough and phlegm may include those with diseases other than chronic bronchitis including asthma, bronchiectasis, non-tuberculous mycobacteriosis and sinobronchial syndrome. Other than respiratory diseases, gastroesophageal reflux disease (GERD) is reported to affect chronic cough and phlegm,[@CIT0040] but we did not collect data of comorbid GERD in this study. Information on medications was not available, since only the presence or absence of treatment for some diseases are investigated by self-reported questionnaires in health examinations, and records of medical treatment in primary and advanced care are not linked with health examination data. No information on passive smoking or environmental factors (such as occupational factors and air pollution) were obtained.

Conclusions {#S0005}
===========

This study demonstrated that subjects identified to have chronic cough and phlegm in comprehensive health examination settings were symptomatic, while most of them did not receive any treatment for respiratory diseases and did not have airflow limitation. Screening subjects for chronic cough and phlegm in comprehensive health examinations followed by a recommendation of detailed examination for screened subjects could be an effective approach for better management of chronic cough and phlegm. Smoking cessation should be included in the management, in consideration that around 40% of subjects with chronic cough and phlegm were current smokers.
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[^1]: **Notes:** Data are shown as numbers (%) or mean ± SD. The number of pack-years was calculated by multiplying the number of packs of cigarettes smoked per day by the number of years the person had smoked.

[^2]: **Abbreviations:** BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; SD, standard deviation.

[^3]: **Note:** Smoking history was unknown for 100 of 22,293 subjects.

[^4]: **Note:** Data are shown as numbers (%).

[^5]: **Notes:** Smoking history was unknown for 100 of 22,293 subjects. Data are shown as numbers (%) or mean ± SD.

[^6]: **Abbreviations:** CP, chronic cough and phlegm, or receiving treatment for chronic bronchitis; AL, airflow limitation; BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; CP, chronic cough and phlegm, or receiving treatment for chronic bronchitis; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; SD, standard deviation.
